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Assuming that the f3(1525), a2(1320) and K3 (1430) resonances are dynamically generated states
from the vector meson-vector meson interactions in S-wave with spin S = 2, we study the
vp — f5(1525)p, yp — a3(1320)p and vp — K3(1430)A(X) reactions. These reactions proceed
in the following way: the incoming photon first mutates into a p°, w, or ¢ meson via vector meson
dominance, which then interacts with the p°, w or K* emitted by the incoming proton to form the
tensor mesons f5(1525), a2(1320) and K3 (1430). The picture is simple and has no free parameters,
as all the parameters of the mechanism have been fixed in previous studies. We predict the differ-
ential and total cross sections of these reactions. The results can be tested in future experiments
and therefore offer new clues on the nature of these tensor states.

PACS numbers: 13.60.Le, 13.75.Lb, 14.40.Cs

I. INTRODUCTION

Recent observations of the new baryonic P, states [1] and the mesonic XY Z states [2-5] by various collaborations
have challenged the conventional wisdom that mesons are made of quark-antiquark pairs and baryons are composed
of three quarks in the naive quark model. These findings have attracted a lot of attention from the theory side.
Various explanations of these states have been proposed, such as molecules, mutiquark compact objects, kinematic
effects, or mixtures of components of different nature. Up to now none of them has been accepted unanimously. This
is not surprising, given limited experimental constrains and the fact that the various components of a hadron are not
observables themselves. Furthermore, it is quite likely that a specific reaction or decay process can only review part
of the nature of the hadrons under investigation. Clearly, the only way to understand the nature of a hadron is to
examine it from all possible ways, both experimentally and theoretically.

Nevertheless, it seems clear that Nature is richer than it is preferred to be. In this respect, it is not surprising
to find out that many low-lying states, even those long believed to be conventional ¢ (or gqq) states, may have
large components of other nature. Indeed, it has been shown that many of the low-lying mesonic states can be
understood not only as ¢ states but also as meson-meson molecules, dynamically generated in the so-called unitary
approaches. One of such examples are the tensor states: f2(1270), f5(1525), a2(1320), and K;(1430). They are
found dynamically generated from the vector meson-vector meson interactions [6-9],! obtained in the coupled-channel
Bethe-Salpeter equations by unitarizing the tree-level hidden gauge diagrams [12-15]. When stating that these
states are molecular states one is implying that these are the main components of an admittedly
complex structure. As discussed below, there is plenty of phenomenological support for it for the
case of the f»(1270), f5(1525) and K;(1430). The case of the a2(1320) might need more important non
molecular components, as we shall discuss.

The molecular nature of these tensor states has been extensively tested in a large number of processes, for instance,
the two-photon decay of the f3(1270) [16]; the two-photon and one photon-one vector decays of the f2(1270), f5(1525)
and K3(1430) [17]; the J /¢ — ¢(w) f2(1270), f5(1525) and J/+p — K*°(892) K3°(1430) decays |18]; the radiative decay
of J/v into f2(1270) and f5(1525) [19]; the 1(25) decays into w(¢)f2(1270), w(e) f4(1525), K*°(892) K3 °(1430) and
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the radiative decays of T(15), T(25),%(2S5) into v f2(1270), vf5(1525), v fo(1370), and ~vfo(1710) [20, [21]; the ratio
of the decay widths of B — J/1f2(1270) to BY — J/v f5(1525) [22]. The agreement with experimental data turns
out to be quite good in general, providing support to the underlying assumption that these states contain large
meson-meson components. The decays of the Kj(1430) into K+ and of one as state found in Ref. [7] into 7y were
also studied in Ref. [9] and found to be in qualitative agreement with data if the as state is associated to the as(1320),
as we shall do here.

In a recent work [23], taking the molecular picture for the f2(1270) resonance, the yp — pf2(1270) reaction has
been studied. It was found that the theoretical results of the differential cross sections are in agreement with the
experimental data of Ref. [24], providing first support for the molecular picture of the f2(1270) state in a baryonic
reaction. In this work, we extend the formalism proposed in Ref. [23] to study the yp — f5(1525)p, vp — a3(1320)p,
and vp — K3(1430)A(X) reactions. One should stress again that as the only way to unravel the nature of a hadron
is via different reactions and decay processes, we deem such studies very timely and important.

We should note that the picture offered here for these tensor mesons is relatively novel and most of the previous
work has made different assumptions for their nature. Reviews on the properties and nature of mesons can be found in
Refs. [25,126]. For the concrete case of tensor mesons a good review is made in Ref. [27] where methods used by different
groups are discussed, including effective Lagrangian approaches based on vector- and tensor-meson dominance, quark
models with possible meson-glueball mixing, current-algebra approach, lattice QCD, QCD sum rules, the 3P, model,
chiral perturbation theory, Regge model, dispersion-relation technique, and others. More related to our work here is
the one of Ref. [28] where the tensor mesons are associated to meson multiplets and their couplings to pseudoscalar
mesons are interpreted in the framework of chiral resonance Lagrangians |29, 130], but no reference to the internal
structure of the states (¢g, multi-quark states, meson-meson bound states, glueballs, etc) is made. Using the same
mixing angle between a singlet and an octet of SU(3) assumed in Ref. [28], it is found in Ref. [27] that the f5(1525)
decays more strongly in KK than in 7, as found in experiments. This property is also respected in the approach of
Ref. [7] (see table I of Ref. [31]) since this resonance is mostly made of K*K*, which decays both in KK and 7, by
means of the decays of a K* into K, having a virtual 7 or a virtual K connected with the other K*. The case with
the virtual 7 leads to KK and is more favorable, because of the light mass of the 7, than when the K is virtual and
one has then two 7 in the final state. Yet, there are also differences between the approach followed here
and the one in [28]. In this latter work the states are assumed to be composed of octets and singlets of
SU(3) and follow a SU(3) breaking pattern linear in the quark masses. In the molecular case the two
octets of the vector mesons give rise to a singlet, two octets, the 10, 10, and 27 SU(3) representations
with attraction in some of these channels. The SU(3) breaking pattern is also different, based on the
local hidden gauge approach for the Lagrangians and mostly on the use of the unitarization procedure
in coupled channels, with physical masses of the particles which ensure good analytical properties
and proper threshold behavior if the masses of the states appear close to two particle thresholds. A
detailed study of the SU(3) structure of such states for the case of baryons is done in [32] and [33].

The explicit interaction of vector mesons pairs has also been addressed more recently in Refs. |34, 135] from the
formal point of view and focusing on its use in dispersions relations of unitary schemes in coupled channels. In
Ref. [35], the generic structure of partial-wave projected ¢- and u-channel exchange diagrams was analyzed. A general
and explicit form for a dispersion-integral representation for their contributions to partial-wave reaction amplitudes
was established. Closer to the work of Ref. 7] and also making predictions for states dynamically generated is the
work of Ref. [36]. In this work an SU(6) spin-flavor symmetry is invoked, but imposing a breaking of this symmetry
that generates the Weinberg Tomozawa interaction. The same states as in Ref. [7] are obtained. The results also
share the difficulties in getting the a3(1320) resonance, which in Ref. [7] appears around 1567 MeV, with the standard
subtraction constants, while in Ref. [36] is obtained using an unusual large cutoff of 3 ~ 4 GeV. We shall take this
into account by admitting larger uncertainties for this resonance in our final results.

The present article is organized as follows. In Sec. [[Il we introduce the formalism and the main ingredients of the
model. In Sec. [Tl we present our main results, and a short summary and conclusions are given in Sec. [Vl

II. FORMALISM AND INGREDIENTS
A. Feynman amplitudes

From the perspective that the f5(1525), a2(1320) and K3(1430) resonances are dynamically generated from the
vector-vector (V'V) interactions, the f5(1525), a2(1320) and K;(1430) photoproductions proceed via the creation of
two vector mesons by the 7p initial state in a primary step and the following interaction (rescattering) of the two
vector mesons, thus dynamically generating the resonance. The corresponding Feynman diagrams are shown in Fig. [I]
for the yp — f4(1525)p and vp — a3(1320)p reactions and Fig. 2 for the yp — K3 (1430)A(X) reaction.
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FIG. 1: Diagrammatic representation of the f3(1525) and a3(1320) photoproduction, where k, p, p’, q, Pfys Pay are the
four-momentum of the involved particles and g = p’ — p.
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FIG. 2: Diagrammatic representation of the yp — K5 (1430)A(X) reaction.

As can be seen from Figs.[Mland 2] the photon first gets converted into one vector meson, a characteristic of the local
hidden gauge formalism, which then interacts with the other vector emitted by the proton. To evaluate the Feynman
amplitudes, we need the coupling of the tensor meson to the respective vector mesons, g¥v, the v-V coupling, and
the VNN coupling. In the unitary approach, the amplitude close to a pole that represents a resonance can be written
in the following way

(9¥V)2 P2 p@

tpole = S_i“;j:“ final, (1)
2 1, e 1 (2 1 e
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where sg is the pole position and g¥%" the coupling of the resonance to the V'V component in isospin I = 0(1,1/2)
and spin S = 2. Eq. () is the representation of a resonance amplitude, for instance the f5(1525), a2(1320), and

K3(1430) in the present case, as shown in Fig. [ (a). The Pifiiial/ﬁna
two. Then the coupling of a tensor resonance to V'V is given by the diagram of Fig. Bl (b), and is expressed in terms

of the following vertex [16]

| brojects the initial and final V'V pair into spin

truvv = QQYVPi(nzi)tialv (4)

where the values for gi.V" are shown in Table[ll The values for f5(1525) and K3 (1430) are taken from Ref. 7], while
those values for a2(1320) are taken from Ref. [36].

The 7-V conversion vertex can be obtained from the local hidden gauge Lagrangians |[12-15] (see Ref. [37] for a
practical set of rules) and one has [3§]

2
eMs;

_it'yV = _inV €n (V)GH (7)7 (5)
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FIG. 3: (a): The VV — VV amplitude dominated by the f5(1525), a2(1320) or K3(1430) pole; (b): Representation of the
15(1525), a2(1320) or K3 (1430) coupling to V'V.

TABLE I: The coupling constants of f5(1525), K3 (1430), and a2(1320) to VV. The values for f5(1525) and K5 (1430) are taken
from Ref. |7], while those for a2(1320) are taken from Ref. [36].

Resonance Channel g7 (MeV)
f5(1525)  pp  (—2443,i649)
ww  (—2709,48)
¢w (5016, —il7)
K3(1430)  pK* (10901, —i71)
wK* (2267, —i13)
OK*  (—2898,i17)
a2(1320)  pw (0, —i8402)
pp  (0,—i1912)

with
M, e? 1
and
1 1 1
Coo=—; Cro=—=; Cyp=—-. 7
Yp \/57 v 3\/5 yé 3 ( )

The other ingredient that we need is the vector-baryon-baryon vertex, which is given by the Lagrangian
Lppv = g(< BY"[Vy, Bl > + < By*B >< V,, >). (8)

From this, one can easily obtain the p%pp, wpp, K*TpA, K*tpx°, and K*9pSt vertices,

. .9 _
—itpopp = zﬁpwﬂpeu(po), 9)
. .39 _
—itwpp = zﬁpw peu(w), (10)
. .39 < .
_th*+pA = —Zj%A’y#pEM(K ), (11)
it gty = —i%iy"pe“(K*), (12)
—itpeopnr = —igEyFpe, (KT). (13)

There is one more subtlety to consider. The amplitude of Eq. () is evaluated for a V'V state in the unitary



normalization, which for I =0, I = 1/2 and I = 1 are given as follows (recall |[p* >= —|1,+1 >),

1

lpp, I =0 >= —%(fp_ +p " +00"), (14)
lww, I =0>= %(ww}, (15)
lgw, I =0>= (¢w), (16)
lpK* I =1/2,13=1/2>= \/g(pJ“K*O),

1 0 7 *

(K ) (17)
IpK*\ I =1/2,13 = —1/2 >= \/g(pOK*O),
_ g(p_KH—), (18)
WK*, T =1/2 >= (wK™), (19)
[9K™, 1 =1/2>= (¢K"), (20)
low, I =1 >= (pw), (21)
pp, I =1>= (p¢). (22)

Considering the vertices described above, we obtain the weights W'V for yp — f5(1525)p, vp — a3(1320)p and
vp — K3(1430)A(X) reactions (Table [I). They account for the factor of Eq. (f), Eqs. (@HI3), the components of
the V'V state in the good normalization and the couplings of the resonances to the V'V channel. In the case of two
identical particles the coupling is multiplied by an extra factor of v/2 to restore the good normalization from the
couplings calculated in Ref. [7] in the unitary approach as shown in Egs. (14-20).

TABLE II: Weights for the vp — f5(1525)p, vp — a3(1320)p and vp — K3 (1430)A(X) reactions. The f3(1525) and K3 (1430)
are abbreviated as f5 and K3, respectively.

Reaction WiV
v — f2(1525)p %" =gl
wo o 5
dw =S50y
p—a3(1320)p  p’w  Fgly
wp® gty
o0’ —555948
vp — K3T(1430)A p°K*F %gffg*
WKt — g
OK™ i
vp = K3T(1430)° p"K*F sezgplt
WK™ —ggik
OK™ g
vp = K3°(1430)SF p"K* — L gpl”

*0 e wK*
wk 329K

*0 e OK*
oK 39K

Gauge invariance imposes a stringent constraint on photonuclear processes, although sometimes not all of the terms
needed to have gauge invariance are numerically relevant |39, 140]. Nevertheless, in the present case, a thorough study
of gauge invariance was conducted in Ref. [37] for the radiative decay of axial vector mesons within the local hidden
gauge approach, and in particular in Ref. [16] for the amplitude pp — pv, which is similar to what we have here,



with the two vector mesons interacting to produce the tensor states. There it is concluded that gauge invariance is
encoded in the effective coupling of the tensor states to the two vector mesons.
Considering the weights given above, the T matrix for the diagram of Fig. [Ilis given by

PP ww pw
_gfzf gfzf B gfzf

—1T. ’ = —je +
Yp— £4(1525)p ( N VAR )

Gl W) + 60V = Fen(en(V)is)
ﬁ <p(M")y"eu(V)Ip(M) >, (23)

:  Bggy gy
—iTpa9(1320)p = —ie( 32 - 3—\/25)

Gl W) + 60V = Fen(en(V)is)
ﬁ <p(M")y*eu(V)Ip(M) >, (24)

with M and M’ the third spin component of the initial and final proton. The V stands for the exchanged p° or w.
We take my = m, = m, = 780 MeV in the present calculation. Next, we perform the sum over the polarizations of
the vector meson exchanged in Fig. [l and then we obtain

PP ww Pw
I3 91 In 1

Typs p1525)p = €(— N NG )m
1 ;9 1 qiq
[SeM(=gjn + lezv“) + 56N (=gin + mé‘)
1 Gmq
_gem(/y)éij(_gmu + m—%/u)]
< p(M")|W#p(M) > . (25)
5962 gb? 1
Typ—sag1s20)p = €( 32 - 3\/25)(12 —m2

1 m 1 GGy
[ E’L(FY)( g]#+ m%/)+ 6](7)( QW—F m%/)

2 2
1 qmq,
_gem (7)61']‘ (_gmu + m—%/#)]

< p(M)|y*|p(M) > . (26)



Following the same procedure, we obtain the transition amplitudes for yp — K3 (1430)A(%):

. (gﬁff giX gk )
. =e -
yp— K31 (1430)A 2 23 NG
1 1 qiqp
m[iéi(”ﬂ(—gm + m%(*)
1 qiq 1 qmq
+§6j('7)( Gip + QH ) gem('w(s ( Imp + M)]
Mics M.
x < A(M") [y |p(M) > (27)
. B gﬁff g g
yp— KT (1430)50 = (2\/— 6 + 3\/—)
1 1 454y
m[?iﬁ)(—%u + m%(*)
1 qiq 1 qmq
+56 N (=90 + —55) = 3em (10 (= gmu + 5]
o K
x < B(M")y*|p(M) > (28)
PK* wK™ PK*
i gk g
Ty kz001430)n+ = e(— ST S T )
2 V6 3V2 3
1 1 am
PR [5€()(=9jn + m2. )
1 qiq 1 qmq
+56 (0 (=9 + m%;i) = 3m (135 (=gmu + me )]
x < B(M")y*p(M) >, (29)

where we take mg+ = mg«+ = mg+0 = 893.1 MeV.

In Egs. 28)-(29), the latin indices run over 1, 2, 3 and the u index over 0,1,2, 3.

Then one can easily calculate > 3 |T[?, the modulus squared of the amphtude summing and averaging over final
and initial proton spins. Here we give explicitly the case of the yp — f5(1525)p reaction, as an example,

9%

62 2 gfz gfz 2
YN = e~ 6t Ve Ve
Z Z 2[561(7 gw"’%)

v pol.é,5,m,l p,p’

1 qiq 1 qmq
+56 (=g + m—%f) = 3m(1)35 (=gmu + V“ )]
1 qiq, 1 iy
(e (=i + a7) + 5 (g +7057)
1 Qg
—561(7)51‘3‘(—91“’ + mQC )
Tr(yf + mp)y™ (b + mp)y™ ], (30)

where all the indices and the two photon polarizations should be summed over, with the following expressions of the
latter,

W ={ol; @m=|1], (3D

where we have assumed that the photon travels in the Z direction.
The hypothesis that the tensor resonances considered are dynamically generated leads to the mechanism depicted in
Figs. Ml and 2, where one vector meson appears in the t-channel. This is then a process which is t-channel dominated.



As such, it leads to a particular ¢-dependence in the cross section, which can be tested experimentally. In the work
of Ref. [23], where the photoproduction of the f2(1270) was studied along the same lines as here, it was found that
the t-dependence of the model was in fair agreement with the experiment [24]. Processes led by ¢-channel meson
exchange are quite common in hadron physics. Even the chiral Lagrangians, which are given by contact terms,
can be reinterpreted in terms of ¢-channel vector meson exchange within the framework of the local hidden gauge
approach [12-15]. However, terms involving u-channel exchange or s-channel propagation are also possible, but lead
to different t-dependence that experiment can in principle disentangle. Yet, in the present case, the assumption of
the large coupling of the resonances to vector-vector leads us to this ¢-channel exchange mechanism.

It is also interesting to argue in a different direction. Let us assume that the process is t-channel dominated.
Then it is worth noting that due to C-parity conservation it must be a vector meson that is exchanged, scalars and
pseudoscalar exchange are excluded. This only holds if the exchanged particle is a neutral one, which can have a given
C-parity, but not if the exchanged particle is charged. This latter case is the one that one finds in the vp — na§r (1320)
reaction which was studied in Ref. [41] and Ref. [42] by means of a charged pion exchange. The fact that we have the
vp — pR precludes the contribution of those mechanisms and is selective only to the coupling of the resonance R to
the vector-vector components. This is why we also consider the as resonance, since, even if other components could
be relevant in its wave function, this process would be selective of the vector-vector component.

B. Differential cross section

The differential cross section for vp — f5(1525)p, vp — K3(1430)A(X), and vp — a9(1320)p reactions are given by

do m2 -
= 732 :E TP, 32
dt  16ms|k|2 7! (32)

where we are summing and averaging over final and initial proton spins, with s the invariant mass squared of the
vp system, and m7 = m for yp — f5(1525)p and yp — a3(1320)p reactions, m? = mymy for yp — K37 (1430)A
reaction, and m? = mymsy for yp — K3(1430)X reaction.? The variable k is the three momentum of the initial photon
in the center of mass frame (c.m.), and t = ¢*> = (p — p')2.
The Eq. (32) can be generalized for the case when the f3(1525) (K3(1430), or a(1320)) is explicitly allowed to
decay into KK (K7 or nm) by working out the three body phase space and we find
d*o m? M2 T,

— nv

dMinvdt B 87‘r2$|E|2 |Mi2nv - M}Q% + iMinvFRP
<y D ITP, (33)

where My, is the invariant mass distribution of the K K or K, I'g is the total decay width of the f4(1525), K3 (1430)
or a»(1320) and T is the partial decay width of the f5(1525) — KK, K;(1430) — K7 or az(1320) — n7. In the
present study, we choose the following decay modes: f5(1525) — K+K—, K;7(1430) — K%z, K3°(1430) — K7~
and a9(1320) — n7°. The f5(1525) — KK~ decay accounts for 1/2 of the KK decay of the f}(1525) which is 89%
of the T'ys(1525), while the K57 (1430) — K% or K3°(1430) — K*n~ decay accounts for 2/3 of the Kn decay of
the K3(1430) which is 50% of g (1430). The a9(1320) — nn° is 14.5% of the T'4,(1320). Since the f5(1525) — KK,
K3(1430) — K, and a2(1320) — nm decays are in D-wave, in order to have I'; and I'r in the range of invariant
masses that we consider, we take

S 2
n (4KK\5 " f5
I v (Miny) =T (=220 —52, 34
dxcic s M,
n/4KK\5 . n
l“fé (Miny) = 0.89I“}£(6Kk) lznzv + 0.11I“}£, (35)

2 We take myo = my+ = 1191 MeV and Myent =Mpcx0 = 1429 MeV in this work.
2



with T = 73 MeV, I = 32.5 MeV, My, = 1525 MeV [43], and

N2(M? m2,m2%)

qu{ = 1211]\\’4’ K ’ (36)

- )\1/2( f/,m%{,m%{)

Ik = 2Mj’ ) (37)
2

where ) is the Killen function with A(z,y,2) = (z —y — 2)? — 4yz.
Similarly, for the K3(1430) decay modes, we take

- 2
_ n (4K~ SMK;
iy ron (Miny) = Kw(q?) Tz (38)
~ M2
on /4K7\5
Tics (Miny) = 0.5T% (%) o 05T (39)
with T%, =104 MeV, T2, = 34.7 MeV [43), and
- A2(M2,,m2,m2
e = 2 M Mo ), (40)
o )\1/2(M12<5,m%(,m,2,) (41)
dKn = 2MK;
Finally, for the a3(1320) decays, we take
2
on Gnr Ma
Fazﬁﬁﬂ'(MinV) F ( - ) M22a (42)
M2
Tuy (Miny) = o.145rgg(g"—”) a4 0.85509", (43)
nm mv
with T2 = 107 MeV, T°2 = 15.5 MeV [43)], and
e me) u
nm = WMoy ) ( )
e = 2N ) )
Ty oL,

III. NUMERICAL RESULTS

In Ref. [23] three models were considered, one is the one we exposed here, and the other two contained an additional
tensor pNN coupling and Regge propagators. The results obtained there were very similar and in this exploratory
work we perform calculatlons only with one of the models as specified above.

In Fig. @ we show m for the yp — pKTK ™ reaction at E, = 3.4 GeV and ¢t = —1.2 GeV?, where M, is the

invariant mass of the KK~ system. The f5(1525) resonance is clearly seen, peaking around Mi,, = 1525 MeV with
an apparent width of about 60 MeV.

In Fig. Bl we show % for the yp — pnn¥ reaction at E, = 3.4 GeV and ¢t = —1.2 GeV?, where M,y is
the invariant mass of n7® system. The a2(1320) resonance is clearly seen, peaking around Mi,, = 1320 MeV. As
we have mentioned, we expect larger uncertainties in this case. An estimate of these uncertainties
can be obtained by comparing the predictions of the molecular picture for the partial decay width
of the a2(1230) — 7T~ reaction obtained in [9], I'(a3(1230) — 7t~) = (196 + 30) KeV with experiment
I'(a2(1230) — 7tv) = (2814 34) KeV. This comparison shows that uncertainties of the order of 50% seem
realistic.

In Fig. [6] we show dl\;i[ i for the yp — A(X)Kr reaction at E, = 3.4 GeV and t = —1.2 GeV?, where My, is the
invariant mass of the Km system. The K;(1430) is clearly seen in all the three decay modes, but the magnitude of



10

0.20

inv

o o

a a

o ()]
T T

d’c/(dtdM._ )(ub/GeV?)
5

0.00 . : :
1.40 1.45 1.50 1.55 1.60

M_ (GeV)

FIG. 4: Theoretical predictions for the D-wave KK mass distribution of the yp — pK K~ reaction at E, = 3.4 GeV and
t=—1.2 GeV>.

0.20

inv

o o

a N

o (&)
T T

d’c/(dtdM._ )(ub/GeV?)
5

000
1.20 1.25 1.30 1.35 1.40

M_ (GeV)

FIG. 5: Theoretical predictions for the D-wave nm® mass distribution of the yp — pnn® reaction at E, = 3.4 GeV and t = —1.2
GeV?.

the decay modes are quite different. Experimental confirmation of such a hierarchy constitutes a valid check of the
molecular picture of the K3(1430) and the reaction mechanism advocated here.

Fig.[Mshows do/dt at E, = 3.4 GeV for the five reaction modes studied. We see that the slopes for the five reactions
are quite similar.

In addition to the differential cross section, we calculate also the total cross section for the five reactions as a
function of the photon beam energy E.. The results are shown in Fig. Bl The cross sections increase rapidly away
from threshold and soon become almost constant at higher photon energies.

We stress again that the reaction formalism advocated here involves no free parameters, which allow us to make
predictions for total cross sections. The differential and total cross sections can be checked in future experiments,
such as those at CLAS. In this sense, the reaction mechanism can be easily tested.

So far we can quote some preliminary results comparing f2(1270) and f45(1525) in Ref. [44]. The f2(1270) production
rate for 1.7 GeV < E, < 5.5 GeV decaying into KK~ is larger than that of f3(1525), which taking into account
the different K'K branching ratios indicates a rate of f2(1270) production fairly bigger than that of f5(1525). The
ratio of these production rates depends on E, but seems to be at an oder of 10, comparing the results of Ref. [23]
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FIG. 7: Differential cross sections % as functions of ¢t at £, = 3.4 GeV.

and those here, .

IV. CONCLUSIONS

In recent years, it has been found that the f5(1525), a2(1320), and K3 (1430) resonances, though long been accepted
as ordinary g states, can be dynamically generated from the vector meson-vector meson interaction, and therefore
qualify as vector-vector molecules. Many tests adopting such a scenario have been performed in mesonic reactions
and all yield positive results. In the present work, we have proposed to test the molecular picture in the photonuclear
reaction. The elements needed for the test are very simple, which makes the interpretation of the results particularly
transparent. On one side the f4(1525), a2(1320) and K3(1430) couple to VV in I =0, I =1 and I = 1/2, respectively,
and the couplings have been fixed before in the unitary approach that generates the f5(1525), a2(1320), K3(1430) as
V'V molecules based on the local hidden gauge formalism for the interaction of vector mesons. On the other side, with
these couplings and the vector meson dominance hypothesis, incorporated in the local hidden gauge approach, the
photon gets converted into one of the vector mesons, which interact with the vector meson emitted by the incoming
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proton to generate the f5(1525), a2(1320) and Kj(1430) resonances. With this simple picture we predict both the
differential and total cross sections, which could be tested by future experiments, such as those at CLAS. The case
of the a2(1320) might have more uncertainties which we have quantified by looking at the predictions
for the a»(1230) — 71+ reaction comparing them with experiment.
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